We enrolled 1797 patients with a mean age of 66.1 years and 59.1% being female.
Introduction
Cardiovascular disease (CVD) is known to be the leading cause of death and disability globally, and the World Health Organization (WHO) has estimated that it accounted for over 30% of the worldwide deaths in 2008. Moreover, by 2030, almost 25 million people are predicted to die as a result of CVD, involving mainly heart disease and stroke [1] . However, while many of these cardiovascular (CV)-related diseases are preventable, the rate of CVD continues to rise mainly due to inadequate treatment and preventive measures [2] .
In the European Union (EU), CVD resulted in 36% of all deaths in 2010 (OECD, 2012). Thus, it is not surprising that the European Society of Cardiology (ESC) has published new guidelines that highlight the urgent need to improve CVD prevention [3] . Estonia, Latvia, and Lithuania (collectively known as the Baltics) are among the most profoundly CVD-affected countries within Europe [4] , and 2010 Eurostat statistics indicated that the Baltic nations reported very high mortality rates for stroke compared to other countries in the EU, and comprised three out of the four countries (in addition to the Slovak Republic) with the highest rates of coronary heart disease-related mortality in Europe (OECD, 2012) . Consistent with this, CVD led to a staggering 56%, 59%, and 55% of all deaths in Estonia, Latvia, and Lithuania (respectively) in 2008 [5] [6] [7] . Therefore, in the Baltic region, there is currently a vital need to implement preventative measures for combating well-known CVD risk factors, including hypertension, diabetes, smoking, and high cholesterol.
It is known that CV risk can be reduced through lipidlowering therapies, including statins, with the primary goal of diminishing low-density lipoprotein cholesterol (LDL-C) [8] [9] [10] . Moreover, it was suggested that decreased high-density lipoprotein cholesterol (HDL-C) and elevated triglyceride (TG) levels might also contribute to CVD [11, 12] . Nevertheless, several studies have indicated that patients under chronic statin therapy may experience persistent dyslipidemia, which can involve raised LDL-C, decreased HDL-C, and elevated TG levels [13] [14] [15] . The ongoing observational study, the Dyslipidemia International Study (DYSIS), has assessed the realworld effectiveness of lipid-lowering therapies in patients from various regions of the world in order to better understand CV risk factors [13, [16] [17] [18] [19] .
Here, as part of DYSIS, we have analyzed dyslipidemia as defined by the European Society of Cardiology guidelines 2011 [20] in statin-treated patients within Estonia, Latvia, and Lithuania. The objectives of this study were to assess the prevalence of lipid abnormalities in patients receiving chronic statin treatment, and to identify specific demographic, lifestyle, and clinical risk factors that might contribute to persistent dyslipidemia. Data obtained during this study has contributed to our knowledge of CV risk, and can promote the advancement of programs and policies aimed at effectively preventing and treating CVD.
2.
Material and methods
Study design and patients
DYSIS in the Baltics was an observational, cross-sectional, multicenter study conducted in Estonia, Latvia, and Lithuania between September 2011 and November 2012. Data for the study were collected by primary care physicians based on their willingness to participate distributed across participating countries using local-language case report forms and coordinated by the East Tallinn Central Hospital (Tallinn, Estonia), Clinical University Hospital (Riga, Latvia), Vilnius University Hospital Santariškių Klinikos (Vilnius, Lithuania) and Hospital of Lithuania University of Health Sciences Kauno Klinikos (Kaunas, Lithuania). Prior to study initiation, the relevant local ethical review committees approved study protocols and obtained informed consent for all patients. A total of 1797 patients (592, 600, and 605 from Estonia, Latvia, and Lithuania, respectively; 735 men and 1062 women in total) were enrolled. All patients were aged ≥45 years, treated with statins for at least three months, and had at least one fasting blood lipid profile available while on statins. The duration of statin treatment at the time of the fasting lipid profile was not specified and there is the potential that statin doses recorded at the survey where different from those at the time of the lipid profile. recorded, as well as any information regarding other lipidmodifying therapies. Statin dose level was normalized using a potency calculation system as previously reported [21, 22] , where the potency of different statins was benchmarked against 6 simvastatin dose levels (5, 10, 20, 40, 80 and 160 mg/ day), with potency scores ranging from 1 (5 mg/day simvastatin) to 6 (160 mg/day simvastatin). Lifestyle related factors were defined as follows: current smoking was defined as a patient who regularly smokes (disregarding occasional smokers), but not those having smoked in the past. There was a question about physical activity with the potential answers sedentary life-style, more active life-style but no sports, and active life-style including regular exercise. Alcohol consumption was measured in units per week which equals to 10 mL by volume of 8 g by weight of pure alcohol.
Data collection

Cardiovascular risk classification
The 2011 ESC guidelines were used to classify CV risk, LDL-C level treatment goals, and abnormalities in HDL-C/TG levels [20] . In these guidelines and the Guidelines on Cardiovascular Disease Prevention in Clinical Practice very high CV risk is defined as having CVD, diabetes, and/or an ESC Systematic Coronary Risk Evaluation (SCORE) risk of ≥10% (chronic kidney disease was not documented in DYSIS) [23] . Elevated LDL-C is defined as ≥1.8 mmol/L for patients with CVD, diabetes mellitus and/or a SCORE risk of ≥10%, and as ≥2.5 mmol/L and ≥3 mmol/L for patients with a SCORE risk of 5 to 9% and 1 to 4%, respectively and LDL-C reduction <50%. Low HDL-C levels are defined as < 1.0 mmol/L for men and <1.2 mmol/L for women. Elevated triglyceride levels are defined as being >1.7 mmol/L.
Statistical analysis
To estimate the sample size needed for the Baltic countries we assumed a prevalence of lipid abnormalities between 20 and 60% and a design effect of 20% (variance inflation due to cluster sampling design). We calculated that, within this range, a sample size of 1800 would be sufficient to estimate the prevalence with a given precision of AE2.5% (range of 95% confidence interval 5.0%). Furthermore we determined that this size guaranteed enough information for estimating the prevalence in smaller subgroups (representing one quarter or more of the population) with a precision of AE5.1% (range of 95% CI, 10.2%). After data were collected at each of the primary sites, it was entered into a central web-based database housed and managed at the Institut für Herzinfarktforschung, Ludwigshafen, Germany. Real-time quality control (internal logic checks) occurred during web-based data entry. Continuous variables were presented as means with standard deviations or medians with 25th and 75th percentiles (interquartile range [IQR]) as appropriate. Categorical variables were reported as absolute numbers and percentages.
Associations of baseline variables with dyslipidemia (abnormal LDL-C, HDL-C, or TG values) were assessed using multivariate logistic regression analysis with the following variables: age, sex, family history of premature coronary heart disease (CHD), smoking, physical activity, alcohol consumption (>2 units/week), body mass index (BMI) ≥30 kg/m 2 , hypertension, diabetes mellitus, coronary heart disease, cerebrovascular disease, heart failure, peripheral artery disease, simvastatin equivalent dose of either 20 to 40 vs. 10 mg/day or >40 mg vs. 10 mg/day, and ezetimibe.
Kernel density estimation was used to analyze the distribution of total cholesterol, LDL-C, HDL-C, and triglyceride levels [24] . The value of a Kernel density and its slope at the lipid value equal to the ESC goal provides a crude indicator on how changes in lipid levels or changes in the treatment targets as per ESC guidelines would result in changing levels of lipid target achievement. Multiple logistic regression analyses with backward selection (a = 0.05) were used to identify variables independently associated with abnormal LDL-C, HDL-C, and TG values. Two-tailed statistical comparisons were used (P<0.05 was significant), and patients lacking the appropriate lipid parameters were not included in the analyses. All analyses were performed using SAS v9.1 (SAS Institute Inc., USA).
Results
Patient characteristics
Patient characteristics, risk categories, and lipid parameters were collected by primary care physicians and are presented in 
Lipid-modifying treatments and statin potency
Prior to enrollment in DYSIS, patients had been treated with various lipid-lowering therapies. Over half (64.8%) of the patients were on atorvastatin. In addition, 11.9% and 20.8% of patients were prescribed simvastatin and rosuvastatin, respectively, whereas fluvastatin, pravastatin, and lovastatin were used for 1.0%, 1.4%, and 0.1% of patients, respectively. Additional lipid lowering treatments were also given to a small percentage of patients. Moreover, the most frequently used statin dose potency was 4 for both very high-risk patients (44.8%) and non-very high-risk patients (45.4%), while the second most frequent dose potency was 3 (32.5% and 39.3% for very high-risk patients and non-very high-risk patients, respectively) ( Fig. 1A and B) .
Lipid abnormalities
Patient lipid abnormalities, according to the 2011 ESC guidelines, are depicted in Tables 2 and 3 . Rates of lipid abnormalities were comparable whether we analyzed patients with a total lipid profile or all patients. Importantly, LDL-C was not at target level for 80.7% of all patients analyzed. Moreover, when the patients were divided into subgroups based on very high-, high-, and moderate-risk for CVD, we found a corresponding decrease in the percentage of individuals off target for LDL-C levels (86.5%, 79.5%, and 62.7%, respectively). Low HDL-C levels were observed for 26.0% of all patients, and elevated TG levels were found in 35.0% of all patients. We next performed a sub-analysis of lipid abnormalities for only very high-risk patients (1398 of all patients), and found that 365 of them had both CVD and diabetes mellitus (Table 3) . Of these patients, 85.3% displayed off target LDL-C levels, 37.5% showed low HDL-C levels, and 42.8% had elevated TG levels. Furthermore, 82 of these very high-risk patients were found to have a SCORE ≥ 10%, and almost all of them (96.3%) did not reach target LDL-C levels. Interestingly, kernel density curves illustrated that the very high-risk group showed slightly lower overall LDL-C levels than non-very high-risk patients. Moreover, women maintained higher overall HDL-C levels than men in both the very high-and non-very high-risk [21] and Roberts [22] . *Statin dose potency 1 is equivalent to simvastatin 5 mg/day, potency 2 is equivalent to simvastatin 10 mg/day, potency 3 is equivalent to simvastatin 20 mg/day, potency 4 is equivalent to simvastatin 40 mg/day, potency 5 is equivalent to simvastatin 80 mg/day, and potency 6 is equivalent to simvastatin ≥ 160 mg/day. groups, while TG levels were similar between the two risk groups (Fig. 2) .
Distributions of single and multiple combined lipid abnormalities for our study are shown in Fig. 3A-F . In nonvery high-risk and very high-risk patients displaying at least one lipid abnormality, 10.2% and 12.3% (respectively) had all three of the lipid irregularities ( Fig. 3A and B) . However, after including those patients without lipid abnormalities into these analyses, the proportions of patients with all three of the lipid irregularities were 7.6% and 11.4% for the two risk groups, respectively ( Fig. 3C and D) . Finally, in a combined analysis of all patients we found that 89.2% of patients displayed at least one lipid abnormality, while 10.8% of statin-treated patients were normal for all lipid parameters. Of those displaying at least one lipid abnormality, 11.9% showed all three of the lipid abnormalities ( Fig. 3E and F) . Also of note, very high-risk patients with at least one lipid abnormality showed an increased rate of LDL-C not at goal combined with low HDL-C compared to the non-very high-risk group (11.9% vs. 6.8%, respectively) ( Fig. 3A and B) . Interestingly, the opposite was true for the combination of low HDL-C and elevated TGs, which occurred more than twice as often in non-very high-risk patients (5.3% vs. 2.1%) (Fig. 3A and B) .
3.4.
Variables independently associated with dyslipidemia Table 4 displays the results of multivariate logistical regression analysis, which identified several variables independently associated with abnormal LDL-C, HDL-C, and TG levels. LDL-C levels not at goal was positively associated with female gender, family history of CHD, sedentary lifestyle, alcohol consumption (>2 units/week), while age ≥70 years, diabetes mellitus, heart failure and high (80 mg/day) dose simvastatin (compared to low dose) had a negative association. Those positively independently associated with low HDL-C levels included those with BMI ≥ 30 kg/m 2 , and diabetes mellitus while female gender and alcohol consumption were negatively associated. Elevated TG levels were associated with alcohol consumption, a BMI ≥ 30 kg/m 2 , and diabetes mellitus. Importantly, a BMI ≥ 30 kg/m 2 and hypertension were among those Ellipsis indicates that in the ESC 2011 guidelines, no LDL-C goal was specified for the low-risk group. Values are odds ratio (95% CI). Backward selection (alpha = 0.05) was done. LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, total triglyceride; CHD, coronary heart disease; BMI, body mass index; m, men; w, women; NS, not significant; OR, odds ratio, CI, confidence interval. a Models contained the following variables: age, sex, first-grade family history of premature CVD, smoking, sedentary lifestyle, alcohol consumption > 2 units/week, BMI ≥ 30 kg/m 2 (obesity), diabetes mellitus, coronary heart disease, cerebrovascular disease, heart failure, peripheral artery disease, hypertension, 20-40 vs. 10 mg/day simvastatin equivalent, ≥80 vs. 10 mg/day simvastatin equivalent, ezetimibe. [20, 23] ; (B) patients at very high risk (CVD, diabetes and/or ESC-SCORE ≥ 10%) with at least one lipid abnormality [20, 23] ; (C) patients at not very high risk (SCORE < 10%) [20, 23] ; (D) patients at very high risk (CVD, diabetes and/or ESC-SCORE ≥ 10%) [20, 23] ; (E) patients with at least one lipid abnormality; (F) patients with total lipid profile.
factors strongly positively independently associated with the presence of having all three of the lipid irregularities (in addition to those under age 70, and men).
Discussion
Results from DYSIS in the Baltics have indicated that more than three-quarters of statin-treated patients in Estonia, Latvia, and Lithuania were classified as very high-risk for CV complications according to 2011 ESC guidelines. In spite of chronic statin therapy, goal LDL-C levels were not attained in 80.7% of all patients and 86.5% of very high-risk patients. Moreover, low HDL-C and elevated triglyceride levels were observed in 26% and 35% of all statin-treated patients, respectively. Overall, at least one lipid irregularity was detected in 89.2% of patients, with 10.6% displaying all three of the lipid abnormalities simultaneously. DYSIS analyses conducted in various countries within the EU have identified regional variability in the proportion of patients with LDL-C levels not at goal (despite LMT), including Greece (63.0%), Portugal (62.9%), Spain (63.1%), Ireland (30.8%), Germany (58.1%), and the Netherlands (33.3%) [17, 19, [25] [26] [27] [28] . Also, 37% of patients in Canada did not meet LDL-C goals [18] and an overall analysis of data from the Canadian and European DYSIS cohorts demonstrated that 48.2% of all patients did not have LDL-C at target levels [16] . While earlier analyses reflected different guidelines which may not have been as stringent with regard to the suggested goals, there is nonetheless, a striking proportion of patients with LDL-C levels not at goal (80.7%) in the Baltics, which is much higher than that observed for Canada and several European countries. The observed differences is somewhat driven by the current LDL guidelines (≥1.8 mmol/L or a decrease in LDL-C levels of <50%), which incorporates change in LDL level, an aspect which was not earlier incorporated into LDL-C goal attainment. Explanations for the high rates of dyslipidemia are certainly multifactorial and specific reasons that may relate doctor-patient relationship, inadequate dosing of drugs, unhealthy lifestyle and a certain proportion of patients with lower education, poorer and older people, as well as those outside social support networks. These are affected by a particularly higher risk with respect to smoking, high body weight, lack of physical activity, dietary belief and poor compliance [29] [30] [31] [32] . Furthermore, social inequalities may hamper the access to effective statin lowering drugs in the Baltic nations. The DYSIS was not able to capture all of these aspects, however, and so the reasons remain speculative and should be addressed in future surveys.
These data seem to corroborate the fact that the Baltic nations are some of the most profoundly CVD-affected countries within Europe, comprising three out of the four countries with the highest rates of coronary heart diseaserelated mortality in the EU (OECD, 2012). Also, our findings are in agreement with other recent studies that have begun to monitor CV risk factors in the Baltic region. A study conducted in Latvia identified a high prevalence of CV risk factors, with 75.2% of individuals having high cholesterol, more than twothirds being overweight, and 44.8% with hypertension [33] . Additionally, the adult populations of Estonia and Lithuania have been found to exhibit high rates of hypertension [34, 35] . A report from Estonia illustrated a diabetes prevalence of 7.9% with a steep increase in the elderly (19.8%) on a population based level [36] .
In the Baltics, our analyses identified hypertension and obesity (BMI ≥ 30 kg/m 2 ) to be strongly positively associated with dyslipidemia, involving the presence all three lipid abnormalities, during statin therapy. It has been estimated that 7.5 million deaths each year, or 13% of all deaths, can be attributed to hypertension. This includes 51% of deaths due to strokes and 45% of deaths due to coronary heart disease [1] . Thus, the high prevalence of hypertension known to exist in the Baltics should be targeted as a principal risk factor for preventative and therapeutic interventions in the region. Our findings also indicate tobacco use, alcohol consumption, and diabetes mellitus as risk factors that should be addressed in order to prevent CVD in Estonia, Latvia, and Lithuania.
In addition, our study highlights the limitations of currently available lipid-lowering therapeutic agents and suggests that treatment strategies need to be carefully monitored and optimized to benefit patients. These ideas are supported not only by findings from the DYSIS series, but also by other recent studies analyzing the efficacy of lipid-lowering therapies [14, 15] . In addition, it has been suggested that high dose levels of statins and combination therapies could be used more widely to achieve LDL-C targets in high-risk patients [37, 38] . For example, the Austrian Cholesterol screening and Treatment (ACT) II study evaluated the effect of lipid-lowering therapies in high-risk, statin-treated patients with elevated LDL-C levels. The ACTII study used a combination therapy consisting of simvastatin and ezetimibe for most patients (73%). Following 12 months of intensified therapy, 40.3% of patients met their LDL-C goals, with a decline in LDL-C levels from baseline of 31.3% and an increase in HDL-C levels of 11.9% [39] .
This DYSIS study had several limitations. As a crosssectional study, data were only collected from a single timepoint, and we did not consider long-term CV risk. Also, patient samples were not analyzed in a central laboratory because lipid measurements were made prior to our study, which could possibly introduce procedural variation. In addition, this study is limited in that it couldn't directly assess changes in LDL-C levels. Also, it is possible that patients' treatment regimens could have changed from the time when the original lipid measurement was obtained. However, these variations reflect real-life clinical situations. Finally, it is possible that we introduced self-selection bias because statin treatment was a pre-requisite for inclusion. However, in spite of these potential limitations, the data obtained during this cross-sectional, observational study of the Baltic region has contributed to our knowledge of CV risk, and can promote the advancement of programs and policies aimed at effectively preventing and treating CVD.
Conclusions
DYSIS in the Baltics revealed that many statin-treated patients in Estonia, Latvia, and Lithuania did not meet target lipid levels and had a very high risk of CVD. Combating other well-known CVD risk factors such as obesity and hypertension is vital to reduce the exceptionally high risk for CVD mortality seen in the Baltic nations. In general, our findings support the notion that advancement in dyslipidemia treatment strategies and continued development of programs aimed at lifestyle modification are vital for effectively controlling CV risk.
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